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ABSTRACT
Assessing the Viability of Using Human Medical Cadavers as
Research Subjects in Post-1950 Radiocarbon Dating
Natalie Basta
Director: Tony Krus, Ph.D.
In the 1950s, atomic bomb testing caused large quantities of synthetic 14C to be
released into the atmosphere and enter the bodies of living organisms. Methods for
calibrating radiocarbon dates from post-bomb materials have been developed over the
past two decades and are becoming more applicable in forensics; however, the
application of radiocarbon dating concerning medical cadavers has not been fully
explored. To determine if human cadavers are viable research subjects, three samples
were collected from two human cadavers from the Sanford School of Medicine with
known birth and death dates. The intention was to have a lower incisor and a portion of
the humerus epiphyses and diaphysis from each cadaver sent to the Center for Applied
Isotope Studies (CAIS) at the University of Georgia for radiocarbon dating; however,
only the incisor of a cadaver that was born after 1950 was dated. It was expected that the
various embalming solutions used on cadavers have no effect on the radiocarbon dates
and that human medical cadavers are viable research subjects; however, it was found that
embalming solutions do have an effect on the radiocarbon date results but, with further
studies, human medical cadavers have the potential to be viable research subjects.
KEYWORDS: Radiocarbon dating, Medical cadavers, Embalming solutions, Forensics
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CHAPTER ONE

Introduction

When building a profile of unidentified remains, making a chronology and age
estimation is often the most difficult aspect of identification for law enforcement officials
because there are minimal changes to skeletal elements during adulthood (International
Committee of the Red Cross, 2013). Developing a more precise method of age estimation
has the potential to make identification of remains easier for law enforcement officials.
The method that has the ability to make age and chronology more easily determined is
post-1950s radiocarbon dating, which has been tested for use in a forensic context to
determine the year of birth, age at death and the time since death of unidentified remains.
However, before it can be widely used in forensics, the post-1950s radiocarbon dating
method needs to be perfected to ensure the highest level of accuracy and precision.
The aim of this Honors Thesis is to assess the viability of using human medical
cadavers as research subjects in post-1950s radiocarbon dating, to further increase the
accuracy of the radiocarbon dating method. Using human medical cadaver samples for
future radiocarbon dating experiments would allow for the refinement of radiocarbon
dating practices through an increase in accuracy, and an increase in accuracy would allow
for it to be widely used in forensic contexts to determine the age at death and the time
since death of unidentified individuals. There is greater availability of human medical
cadavers as opposed to non-embalmed human remains indicating that there is great
1

promise to use human medical cadavers as research subjects in the refining process.
Through universities and medical schools, there is a steady supply of human medical
cadavers whose bodies have already been donated to science; therefore, using them to
advance radiocarbon research fits into their purpose.
Non-embalmed human bodies are much more difficult to find and use for
radiocarbon dating research because unless specifically stated, human bodies are
embalmed soon after the time of death to prevent decomposition. Furthermore, using
human medical cadavers as research subjects in radiocarbon dating would potentially
lead to a more precise method of determining the age of unidentified human remains.
Through the refinement and creation of universal pre-treatment practices, more precise
radiocarbon dates through an increase in the number of tests ran, and the application of
correction factors to account for any environmental factors that may be skewing the
radiocarbon dating results, the estimated age of unidentified individuals can be
determined with the highest level of accuracy.
The structure of this thesis is as follows: chapter one presents all the background
information necessary to understand the scope of the project, such as current forensic
identification methods, the applicability of radiocarbon dating to forensics, background
information of human medical cadavers, the use of Bayesian statistics in forensics, the
logistics of how radiocarbon dating works, and the variation seen between different
calibration curves used in the OxCal radiocarbon dating analysis software. Chapter two
provides a detailed methodology of taking samples, laboratory pretreatment and analysis
of samples, and Bayesian statistical data analysis. Chapter three displays all of the results
received from the laboratory, as well as the estimated year of birth that was determined
2

with data analysis. Chapter four provides a discussion and interpretation of the results and
lays out a clear plan for potential future research that would further radiocarbon testing of
human medical cadavers. The final chapter concludes all of the information presented
throughout the thesis and provides a plan for what must be done if human medical
cadavers are to be used in future post-1950s radiocarbon dating. An appendix is the final
section of the thesis, and it presents the coding used in OxCal simulations, Bayesian
statistical data analysis, and supplemental figures.
Forensic Procedures for Unidentified Remains
When unidentified remains are discovered in nature, recovery of those remains
becomes of the utmost importance. Recovery of remains takes place in three phases:
locating, mapping, and retrieving. The first phase is to locate the exact geographic
location of the remains, and then the entire site is mapped to show the context of the
remains (International Committee of the Red Cross, 2013). The final phase is to retrieve
the remains, label them, and secure them for transportation to a laboratory to collect postmortem data. During laboratory analysis, forensic pathologists, anthropologists, and
odontologists work together to determine if the remains are human; they also examine the
remains to determine if there is more than one individual present, the cause of death of
the individual, if the remains are related to a conflict, and the identity of the remains
(International Committee of the Red Cross, 2013).
To answer these questions, general information about age, sex, and height are
determined; unique medical and dental facts, evidence of trauma, and DNA data are also
used to create a profile for the remains. Typically, the profile created with the
postmortem data is compared to the profiles of missing persons and a possible overlap
3

between the two is searched for (International Committee of the Red Cross, 2013). The
greater the overlap between the two profiles, the higher the likelihood the remains belong
to a missing person; however, as previously stated, determining the approximate age and
time since death of remains is difficult in adults because there are minimal changes to the
skeleton after adulthood is reached. Because of this, there is necessity for a better practice
to determining the age and time since death of unidentified remains is present.
Applicability of Radiocarbon Dating to Forensics
Post-1950s radiocarbon dating has the ability to have a large impact on forensic
science fields. In a study completed by Brock and Cook (2017), it was found that postbomb radiocarbon dating was beneficial in identifying unknown human remains; this
study showed that the estimated year of birth and death for the unknown individual was
accurate to 1-2 cal AD year. As this method of radiocarbon dating continues to grow in
popularity, the results are becoming more accurate and therefore more applicable to
unknown remain identification.
To test post-1950s radiocarbon dating, various studies have dated human teeth,
which are used to determine an estimated year of birth (Lucy et al., 2014). Radiocarbon,
referred to as 14C from here on out, is permanently laid down in the structure of the tooth
during dentin and enamel formation (Ubelaker et al., 2006). This level of 14C in the tooth
stays at equilibrium throughout a human’s lifetime, and by radiocarbon dating a tooth, the
level of 14C in the tooth will correlate to the year that tooth was formed (Ubelaker et al.,
2006). At the time of tooth formation, the 14C in the atmosphere is at equilibrium with the
14

C in the terrestrial environment; however, by the time the individual dies, there is no

longer an equilibrium (Libby, 1970). This is the result of the atmospheric level of 14C
4

slowly decreasing, but the level of 14C in the tooth remains constant. By comparing the
level of 14C in the atmosphere with the level of 14C in the tooth, the estimated year the
tooth was formed can be determined. Alkass et al. (2011) used radiocarbon dating to
demonstrate the average difference between the known year of birth and the estimated
year of birth for fifty-two teeth was 1.3 ± 1 year.
Beyond teeth, most bone in the human body is consistently being remodeled and
during the remodeling process, new carbon is laid down in the cortical and trabecular
bone structures (Brock and Cook, 2017) When an individual dies, the bone stops
remodeling; therefore, 14C renewal in the bone ceases. The level of 14C in the bone will
then be similar to the atmospheric level of 14C during the year the individual died. Using
this method of radiocarbon dating, the estimated year of death for the individual can be
found. For example, a study by Ubelaker et al. (2006) examined radiocarbon dates from
trabecular and cortical bones to estimate the year of death for various individuals. Ever
since its development, post-1950s radiocarbon dating has been widely tested on various
human remains; however, it has never been tested on human medical cadavers (Grimm,
2008).
Human Medical Cadavers
Human medical cadavers have been used to teach students about the human body
for hundreds of years; however, anthropologists have never used human medical cadavers
for research because it is unknown what effects, if any, the embalming solutions used in
creation of the medical cadavers have on different types of analysis, such as radiocarbon
dating. When going through the embalming process, human medical cadavers are
exposed to many different organic and inorganic chemical solutions (Ajileye et al., 2018).
5

The embalming process is carried out by a multitude of chemicals, all of which have
different purposes. By creating mixtures of different quantities and concentrations of
formalin phenol, formaldehyde, methylated spirit, glutaraldehyde, glycerin, and water,
the embalming solutions are able to preserve the human body to a flexible state to prevent
decay and allow for hands-on research to be completed (Ajileye et al., 2018; Millard and
Gowland, 2002).
All of the chemicals used in the embalming process are organic compounds,
except for water, meaning they contain carbon, a fraction of which is 14C. For every onetrillion 12C atoms on earth, there is one 14C atom; therefore, every carbon-containing
compound on Earth has a 14C presence (Pal Sing Batra et al., 2010). Knowing there are
trace amounts of 14C in the embalming solutions provides the potential for the embalming
solutions to skew the results of radiocarbon dating analysis by putting extra 14C into
bodily structures during the embalming process.
If radiocarbon dating analysis is completed and it is found that the embalming
solutions have no effect on the radiocarbon date results, a new pathway will be opened
for forensic anthropologists, pathologists, odontologists, and other law enforcement
officials because human medical cadavers would be identified as viable research subjects.
To test the effects of embalming solutions on radiocarbon dates, samples were taken from
human medical cadavers at the USD Sanford School of Medicine and sent to the Center
for Applied Isotope Studies Laboratory at the University of Georgia.
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Bayesian Statistical Analysis
When completing radiocarbon dating, the analysis is most often completed using
the OxCal software (Bronk Ramsey, 2017). Analysis of the radiocarbon results in OxCal
is completed, Bayesian statistics is used to determine a posterior probability of the
calibrated date coinciding with the actual date of formation or death of an organic object.
Bayesian statistics applies probabilities to statistical problems to update beliefs about
random events when new data about certain events become available (Cook et al., 1998).
It interprets probability as the measure of believability that a particular event occurred.
Bayesian statistics is becoming more frequently used in the forensic fields;
however, it can be easily applied to determine the probability a certain individual
committed a crime, given the available evidence (Cook et al., 1998). For example, in a
hypothetical burglary case, Cook et al. (1998), explains how Bayesian statistical
modeling can be used to determine the probability an individual wearing a wool sweater
broke into a store through a window, given that pieces of wool were recovered from
shards of glass at the crime scene (Cook et al., 1998). Bayesian statistical modeling is
frequently used in radiocarbon dating analysis because it provides a posterior probability
that an object is from a certain year, given that the level of 14C in the object and the
atmosphere for the year in question is known (Ferrante et al., 2015).
How Radiocarbon Dating Works
Radiocarbon dating is a method of absolute dating that provides an approximate
age of organic materials by measuring the amount of 14C in organic materials (Romig and
Lindblom, 2016). When an organism is alive, it is consistently taking in 14C and
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incorporating it into its body but, when that organism dies, it stops taking in 14C, and the
radioactive isotope begins decaying. Radiocarbon dating measures the amount of 14C
remaining in the object and compares it to the known level of 14C in the atmosphere
during a specific time period, so an estimated age of the dated object can be determined
(Libby, 1970).
Radiocarbon dating was first created by Willard Libby in 1946 (Libby, 1970). He
originally tested his method with trees and compared the estimated radiocarbon ages with
the known ages from counting the annual growth rings. Libby first developed the
previously stated method of radiocarbon dating and found it to be accurate to an
approximated eighty-three-year margin (Libby, 1970). When he first presented his
concept of radiocarbon dating, he had no idea how applicable it would be; his original
method allowed organisms to be dated back 20,000 years but, advances in technology
have led to the ability to date organisms that were alive 50,000 years ago up to organisms
that were alive right before the beginning of the Industrial Revolution in the mid-1700s
(Romig and Lindblom, 2016).
The Industrial Revolution was characterized by the rapid release of carbon
dioxide from the combustion of fossil fuels (Dresser, 2014). The rapid release of carbon
dioxide diluted the levels of 14C in the atmosphere to a point where the concentration of
14

C was not large enough to obtain an accurate date from organisms that died between the
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start of the Industrial Revolution and the 1950s (Grimm, 2008). This is known as the
Suess Effect (Grimm, 2008).

Figure 1. The effects of the Suess Effect shown with five simulated radiocarbon dates between 1700 and
1950.

Figure 1 shows the Suess Effect in the OxCal software. Five dates were simulated
to show there is poor differentiation between the radiocarbon results for objects that
originate from the mid-1700s to 1950. The code used to simulate all five dates is shown
in Appendix A. Sample 1 corresponds to a simulated date of AD 1725 ± 5 years, sample
2 is a simulated date of AD 1775 ± 5 years, sample 3 is a simulated date of AD 1825 ± 5
years, sample 4 is a simulated date of AD 1875 ± 5 years, and sample 5 is a calibrated
date of AD 1925 ± 5 years.
The Suess Effect stopped taking effect in the 1950s because there was a rapid
increase in the atmospheric level 14C as a result of nuclear weapons testing in the United
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States and the Soviet Union during the Cold War (Buchholz and Spalding, 2010). During
this time, over five hundred nuclear weapons were detonated, and the detonation released
large quantities of 14C into the atmosphere (Dresser, 2014). Such a large quantity of 14C
was released that the atmospheric level of

14

C doubled between 1950 and 1963 (Dresser,

2014). Nuclear weapons testing ceased in 1963 as a result of the Limited Test Ban Treaty
and ever since, the level of atmospheric 14C has been steadily decreasing (Grimm, 2008 ;
United States, 1963).
Variation in Calibration Curves in the OxCal Software
When 14C was released into the atmosphere in the 1950s, it entered the bodies of
all organisms, including all people and animals; however, when the organism dies that
level of 14C begins to decline (Alkass et al., 2011). Post-1950s radiocarbon dating can be
used to determine the age of organisms by comparing the level of 14C within the
organism’s body to the atmospheric level of 14C (Alkass et al., 2011; Alkass et al., 2009;
Brock and Cook, 2017; Grimm, 2008; Kondo-Makamura et al., 2010; Lucy et al., 2014).
Post-1950 radiocarbon dating analysis is most frequently done in the OxCal
software to determine an estimated year of formation or death for an object; however,
different calibration curves are used to analyze the data depending on the geographic
origin of the object. If the object originates north of 40 ̊ latitude, the NH1 calibration
curve is used to analyze the radiocarbon results (Bronk Ramsey, 2017; Figure 2).
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Figure 2. The NH1 calibration curve.

The NH2 calibration curve is used when the object originates north of the mean
summer intertropical convergence zone, also known as the equator and 40 ̊N latitude
(Bronk Ramsey, 2017; Appendix A). The NH3 calibration curve is used when the object
being dated originated from the northern hemisphere, but it is unknown where in the
northern hemisphere it originated from (Bronk Ramsey, 2017; Appendix A). The fourth
calibration curve that can be used to analyze data is the SH12 calibration curve. The
SH12 calibration curve is used when the item has a geographic origin in the southern
hemisphere (Bronk Ramsey, 2017; Appendix A). The last calibration curve that can be
used is the SH3 calibration curve, which is used when the object originates from the
southern summer intertropical convergence zone (Bronk Ramsey, 2017; Appendix A).
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CHAPTER TWO

Methods

On February 7th, 2019, in collaboration with the USD Sanford School of Medicine
Body Donor Program, samples were taken from two human medical cadavers. Cadaver 1
had a known birth year of 1929 and a known death year of 2018, and Cadaver 2 had a
known birth year of 1961 and a known death year of 2018.The samples taken from both
cadavers are shown in Table 1.
Cadaver
Cadaver 1

Tooth
Mandibular canine

Cadaver 2

Lateral mandibular
incisor

Cortical Bone
Right humerus
diaphysis
Left humerus
diaphysis

Trabecular Bone
Right humerus
epiphysis
Left humerus
epiphysis

Table 1. The samples taken from each cadaver.

Each cadaver had three samples taken for radiocarbon dating use, which are
shown in Table 1. Using a bone forceps, a tooth was pulled from each cadaver to be used
in determining the estimated year of birth. Typically, molars are the preferred tooth for
radiocarbon dating; however, when working with human medical cadavers, there is
limited tooth availability, so the teeth that were sampled from each cadaver were the only
available options. To determine the estimated year of death, cortical and trabecular bone
were also taken from each cadaver. To retrieve the cortical bone, a chisel and a hammer
were used. The hammer was hit against the chisel until it broke through the diaphysis; the
12

bone forceps was then used to break off pieces of the cortical bone. To retrieve the
trabecular bone, the same chisel and hammer method was used on the humerus epiphysis.
Once the chisel broke through the epiphysis surface, the bone forceps was used to scoop
out trabecular bone.
To process the samples and get them ready to be sent to the lab, they had to be
cleaned so no soft tissue remained; to clean the samples, hot water, a point tweezer, and a
sieve were used. The teeth were held under hot, running water to loosen the soft tissues,
and then the point tweezer was used to pull the soft tissues off the teeth. The same
method was used to clean the cortical bone; to clean the trabecular bone, it was scooped
into the sieve and sat under hot, running water until all the fatty, soft tissue was
dissolved.
Each sample was then placed into a separate Ziploc bag and labeled with the
cadaver identification information (Cadaver 1 or Cadaver 2) and the type of sample
(cortical bone, trabecular bone, incisor, or canine). After all samples were placed in the
appropriate Ziploc bag, the samples were ready to be sent to the Center for Applied
Isotope Studies (CAIS) at the University of Georgia for radiocarbon dating; however,
before being sent away for analysis, it became apparent that Cadaver 1 was not suitable
for testing.
Cadaver 1 was born in 1929, and to accurately complete post-1950 radiocarbon
dating, the individual needed to be born during or after 1950. Since Cadaver 1’s birth
year is twenty-one years before 1950, if the samples were dated, the date received from
the lab would be inconclusive because it would fall victim to the Suess Effect.
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To avoid the results of the Suess Effect, all samples from Cadaver 1 were
discarded, and it was decided that only the samples from Cadaver 2 would be used in this
project; however, soon after an issue arose with the samples taken from Cadaver 2 as
well. Cadaver 2 died in 2018, but the calibration curves used in post-1950 radiocarbon
dating are only as recent as 2013. If anything that died after 2013 was dated, the results
would be valueless because they would show an estimated death year of 2013 or, due to
the nature of the bomb curves, an estimated year of death that is much older than the
known death year of 2018 (Appendix A). The result would not be precise enough to
evaluate the effects of the embalming solutions. It was then decided that only the lateral
mandibular incisor from Cadaver 2 would be dated because the known birth year for
Cadaver 2 is 1961; therefore, the lateral mandibular incisor would be fully formed before
the calibration curves end in 2013. By dating only the lateral mandibular incisor of
Cadaver 2, an estimated birth year was found and used to assess if the embalming
solutions used in cadaver creation have an effect on the radiocarbon dating results.
Analysis at the Center for Applied Isotope Studies (CAIS), University of Georgia
The lateral mandibular incisor was then packaged and shipped to the CAIS
Laboratory. The laboratory received the samples and began the radiocarbon dating
process, which began with collagen recovery. To recover the collagen, the laboratory
gently broke the tooth into fragments and manually separated the dentine from the
enamel (Hadden, 2019). The collagen was removed from the dentin by following a
modified Longin extraction (Hadden, 2019). The dentin fragments were demineralized in
cold 1N HCl for 20 minutes and were then rinsed with ultrapure water until a pH of 4 was
achieved. The fragments were heated to 80 ̊C for eight hours; the solution was then
14

filtered through glass fiber filters to separate the collagen, and it was then freeze dried.
Approximately 2.5 mg of the freeze-dried collagen was then combusted at 575 ̊C, in the
presence of CuO, which produced the CO2 needed for radiocarbon dating by Accelerator
Mass Spectrometry (AMS) (Hadden, 2019).
Then, the enamel fragments were pre-treated with acetic acid following the
Cherkinsky method (Hadden, 2019). The sample was cleaned and gently broken into 1
mm fragments and reacted with 1N acetic acid overnight. The flask containing the sample
was rinsed with ultrapure water and dried at 60 ̊C, and then it was reacted with 100%
phosphoric acid to produce the CO2 needed for radiocarbon dating by AMS (Hadden,
2019). Next, a sample of 1 mg of collagen was weighed and encapsulated in a tin for
stable isotope analysis. The carbon and nitrogen elemental concentrations and stable
isotope ratios were measured using an elemental analyzer isotope ratio mass spectrometer
(Hadden, 2019). The final step completed at the CAIS Laboratory was processing and
analysis by AMS. The CO2 samples from the dentin collagen and the enamel were
cryogenically purified from the previous reactions and were converted to graphite using
the Vogel et al. method (Hadden, 2019). The graphite 14C/13C ratios were measured using
the 0.5 MeV AMS. The sample ratios were compared to the ratio measured from the
Oxalic Acid I standard (Hadden, 2019).
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Calibration and Bayesian Statistical Analysis

Sample
Ind2Tooth Incisor
Ind2Tooth Incisor

Material
Dentin Collagen
Enamel

F14C
1.5272 ± 0.0035
1.4567 ± 0.0053

Estimated year of
Formation
Completion with
95.4% probability
AD 1963-1971
AD 1970-1970

Table 2. Radiocarbon date results for the dentin and enamel of the lateral mandibular incisor.

The radiocarbon dates for the formation of the dentin and enamel of the lateral
mandibular incisor are shown in Table 2. Both of these dates were displayed in Fraction
Modern (F14C), showing that the tooth originated after 1950 (Figure 3; Figure 4). When
analyzing the estimated date of dentin and enamel formation to determine an estimated
year of birth, five different calibration curves were used: NH1, NH2, NH3, SH12, and
SH3. The various calibration curves correspond to the geographic origin of the item being
dated. The geographic origin of Cadaver 2 is unknown; therefore, each calibration curve
was used, in addition to Bayesian statistical analysis, to estimate the year of birth.
Using the OxCal software, the samples were aligned to show that the dentin was
formed before the enamel. It was then coded to subtract approximately 4.5 ± 0.5 years
from the estimated date of enamel formation completion because enamel is formed
completely between four and five years after birth (Ash and Nelson, 2003; Figure 4). The
estimated dates for dentin and enamel formation were sequenced and put between
“boundaries” in OxCal, which served as coding parameter to define the time the dentin
and enamel formation begins and ends (Hamilton and Krus, 2018).
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The sequence states the first boundary is the year of birth, followed by the dentin
formation, which is then followed by the enamel formation. A shift was incorporated to
estimate the year of birth by subtracting four to five years from the estimated cal AD year
of enamel formation. Four to five years was subtracted because enamel formation is
completed between the ages of four and five. The full code used to determine the
estimated year of birth can be found in Appendix A. Bayesian statistical analysis was
used to analyze the results received from the CAIS laboratory because it is the most
accurate way to determine a precise posterior probability for the birth year of Cadaver 2.
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CHAPTER THREE

Results
The results received from the CAIS laboratory show two dates: the estimated year
of dentin formation completion and the estimated year of enamel formation completion
(Table 3).
Collagen
Yield %

δ13C
‰

δ15N
‰

Atomic
C:N
Ratio

14

C age,
Sample ID
yr. BP
F14C
±
Ind2Tooth
40470
Incisor
21.1
–15.1 11.2 3.3
Modern 1.5272 0.0035
Ind2Tooth
40470
Incisor
Enamel
—
–11.0 —
—
Modern 1.4567 0.0053
Table 3. Raw data as received from the CAIS laboratory. This shows the stable isotope parts per million
as well as the fraction modern 14C date with standard error.
UGAMS

Material
Analyzed
Dentin
Collagen

The F14C date and standard error for the dentin collagen formation were put into
the OxCal software using the NH2 curve (Figure 3). This was also done for the enamel
formation (Figure 4).

Figure 3. Shows the calibrated date of dentin formation being completed in 1963 cal AD with a 2.2%
probability, 1968 cal AD with and 84.8% probability, and 1971 cal AD with 8.4% probability.
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Figure 4. Shows the calibrated date of enamel formation being completed in 1970 cal AD with 1.3%
probability, 1971 cal AD with an 8.8% probability, and 1972 cal AD with 85.3% probability.

Figure 5 shows the calibrated dates with the applied shift to for the estimated year
of birth. Four to five years was subtracted from the calibrated enamel formation date to
determine the estimated year of birth.

Figure 5. The sequence of dentin and enamel formation shown with the shift to account for years
it takes enamel to complete formation after birth.
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Calibration Curve
NH1
NH2
NH3
SH12
SH3

Dentin Formation
posterior
probability with
95.4% confidence
(cal AD)
1969
1963-1971
1963-1969
1964-1969
1963-1969

Enamel Formation
posterior
probability with
95.4% confidence
(cal AD)
1962-1971
1970-1972
1963-1972
1963-1972
1972

Estimated Year of
Birth (cal AD)
1967-1969
1966-1969
1967-1969
1967-1969
1967-1969

Table 4. The estimated years of dentin formation, enamel formation, and birth.

The results showing the estimated year of dentin formation, enamel formation,
and birth year (in cal AD) are shown in Table 4. The NH1 curve shows dentin formation
being completed in 1969 cal AD, enamel formation completed between 1962-1971 cal
AD, and the estimated year of birth being 1967-1969 cal AD. The NH2 curve shows
dentin formation completion between 1963-1971 cal AD, enamel formation completion
between 1970-1972 cal AD, and the estimated birth year as 1966-1969 cal AD. The NH3
curve shows dentin formation being completed between 1963-1969 cal AD, enamel
formation completed between 1963-1972 cal AD, and an estimated year of birth of 19671969 cal AD. The SH12 curve shows dentin formation being completed between 19641969 cal AD, enamel formation completed between 1963-1972 cal AD, and an estimated
year of birth of 1967-1969 cal AD. The SH3 curve shows dentin formation being
completed between 1963-1969 cal AD, enamel formation completed in 1972 cal AD, and
an estimated year of birth of 1967-1969 cal AD.
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CHAPTER FOUR

Discussion

Interpretation of Results
Discrepancy between
the Calibrated Year of
Calibrated Year of
Birth and the Known
Calibration Curve
Birth (cal AD)
Year of Birth
NH1
1967-1969
6-8
NH2
1966-1969
5-8
NH3
1967-1969
6-8
SH12
1967-1969
6-8
SH3
1967-1969
6-8
Table 5. Shows the discrepancies between the calibrate year of birth (in calAD) and the known
year of birth, 1961, for each calibration curve.

The estimated birth year, using a posterior probability, for each calibration curve
is compared to the known year of birth for Cadaver 2 in Table 5. For the NH1 curve, the
birth year was estimated as 1967-1969 cal AD with the highest probability, and the NH2
curve estimated the year of birth to be 1966-1969 cal AD with a 95.4% probability (Table
5). The NH3, SH12, and SH3 curves all estimated the year of birth to be 1967-1969 cal
AD with a 95.4% probability (Table 5)
To determine what calibration curve needed to be used for the dates received from
the lateral mandibular incisor, the estimated year of birth for each curve must be
compared to the known year of birth. The smallest discrepancy is seen between the
estimated and known birth years for the NH2 curve (Table 5). The NH2 curve shows a
five to eight-year difference between the estimated year of birth and the known year of
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birth, whereas all other calibration curves show a six to eight-year discrepancy between
the estimated and known year of birth (Table 5). Because it had the smallest discrepancy,
the NH2 curve was used to display the data in Figures 3, 4, and 5. This suggests that the
individual lived somewhere between the equator and the southern border of Nebraska
until at least the age of five. The five to eight-year discrepancy is a very large offset
between the known and estimated birth years; so, the question of why there is such a
large difference arises. A previous study showed an average difference between the
known and estimated birth years of fifty-two teeth to be 1.3 ± 1 year (Alkass et al., 2011).
The study was done by Alkass et al. (2011) was completed on teeth that had not been
exposed to embalming solutions, unlike the tooth that was dated for this study.
A date that is only accurate to five to eight calendar years suggests that the
solutions used to embalm human medical cadavers contain 14C and thus cause the
radiocarbon results to be altered. Under the assumption that without being exposed to
embalming solutions, post-1950s radiocarbon dating is accurate to approximately 1.3
years, this study suggests, when using the younger end of the estimated birth year range,
the embalming solutions skew the radiocarbon dating results by ± 3-4 years (Alkass et al.,
2011). Because this study only contained dates received from one tooth, a more extensive
study will need to be done on the teeth of human, medical cadavers to confirm that
embalming solutions skew the data by ± 3-4 years.
Potential Future Research
To either confirm or reject the implications this study suggests, a more extensive
14

C experiment needs to be completed. A further study should follow the same

methodology used in this thesis, and plan to extract twenty teeth from ten different
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cadavers; twenty teeth are recommended because it is a large enough sample size to
appropriately confirm or disprove the results this study is suggesting. All cadavers should
have a birth year that falls after 1950 and a geographic origin that falls south of 40 ̊N
latitude and north of the mean summer intertropical convergence zone so the NH2
calibration curve is able to be used.
If the further study also suggests that embalming solutions add three to four years
to the estimated year of birth, steps can be taken in the analysis of the radiocarbon dates
to ensure the highest level of accuracy between the estimated and known years of birth.
During analysis within the OxCal software, once an estimated year of birth is calibrated,
a correction factor of –3-4 years can be applied. This correction factor will subtract 3-4
years from the estimated year of birth to correct for the added levels of 14C in the cadaver
body, as a result of the embalming process.
The future study will also have the ability to address embalming practices used in
the creation of human medical cadavers. If the results of the future study do not agree
with the results suggested in this thesis, a deeper look can be made into embalming
practices, and if human medical cadavers are being embalmed using different
concentrations of embalming solutions, an attempt could be made to universalize the
embalming solution concentrations and methods to ensure all medical cadavers have been
preserved in the same manner.
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CHAPTER FIVE

Conclusion

Radiocarbon dating has been used to determine the age of organic archaeological
and environmental specimens that are up to 50,000 years old since Willard Libby
discovered the method in 1946 (Brock and Cook, 2017; Kondo-Nakamura, 2010).
Libby’s original method of radiocarbon dating was adapted to be used with organic
specimens that originated during or after 1950 (Libby, 1970). The adapted method uses
the 14C that was released into the atmosphere through nuclear weapons testing in the
1950s to compare the level of 14C in the organism to the atmospheric level of 14C of a
certain year (Grimm, 2008). This method has shown to be as accurate as up to 1-2
calendar years (Brock and Cook, 2017). Post-1950 radiocarbon dating has the potential to
allow forensic investigators to determine the age of unidentified remains when only small
amounts of skeletal matter are present.
The aim of this Honors Thesis is to determine if human medical cadavers are
viable research subjects for perfecting post-1950s radiocarbon dating. If it is found that
the embalming solutions do not skew the results, human medical cadavers are able to be
identified as viable research subjects, thus providing greater opportunities to research
different aspects of the human body, such as the carbon turnover rate.
To assess the viability of using human medical cadavers as research subjects, an
incisor was sampled, and radiocarbon dated. The radiocarbon dating results were shifted
24

to determine an estimated year of birth, which was then compared to the known year of
birth for the cadaver. Results suggest that embalming solutions increase the level of 14C
found in the human body and add three to four years to the estimated year of birth. To
confirm this result, a further study should be done with human medical cadaver teeth. If
the study is completed and the results of this study are confirmed, a correction factor can
be implemented during OxCal analysis to counteract the effects of the embalming
solutions. With the implementation of a correction factor, human medical cadavers can be
successfully identified as viable research subjects in post-1950 radiocarbon dating.
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APPENDIX A
OxCal Code used to simulate the Suess Effect
Plot()
{
Sequence()
{
};
R_Simulate("Sample 1", 1725, 5);
R_Simulate("Sample 2", 1775, 5);
R_Simulate("Sample 3", 1825, 5);
R_Simulate("Sample 4", 1875, 5);
R_Simulate("Sample 5", 1925, 5);
};
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OxCal Code used to determine the estimated year of birth
Options()
{
Resolution=0.2;
Curve="Bomb13NH1.14c";
};
Plot()
{
Sequence()
{
Boundary();
R_F14C("UGAMS-40470_dentine", 1.5272, 0.0035);
R_F14C("UGAMS-40470_enamel", 1.4567, 0.0053);
Boundary();
};
Date("Birth",Date("=UGAMS-40470_enamel")-U(4,5));
};
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Calibration Curves

NH2 Calibration
Curve.

NH3 Calibration
Curve.
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SH12 Calibration
curve.

SH3 Calibration
curve.
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Estimated Year of Dentin Formation (in cal AD)
Estimated Dentin Formation as
shown in the NH1 calibration
curve.

Estimated Dentin Formation as
shown in the NH3 calibration
curve.

Estimated Dentin Formation as
shown in the SH12 calibration
curve.
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Estimated Dentin Formation as
shown in the SH12 calibration
curve.
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Estimated Year of Enamel Formation (in cal AD)

Estimated Enamel Formation as
shown in the NH1 calibration
curve.

Estimated Enamel Formation as
shown in the NH3 calibration
curve.

Estimated Enamel Formation as
shown in the SH12 calibration
curve.
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Estimated Enamel Formation as
shown in the SH3 calibration
curve.
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Estimated Year of Birth

Estimated Year of Birth as shown
in the NH1 calibration curve.

Estimated Year of Birth as shown
in the NH2 calibration curve.

Estimated Year of Birth as shown
in the NH3 calibration curve.
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Estimated Year of Birth as shown
in the SH12 calibration curve.

Estimated Year of Birth as shown
in the SH3 calibration curve.
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